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TROPICAL ANIDROTIC ASTHENIA (THERMOGENIC ANHIDROSIS)
AND ITS RELATIONSHIP TO PRICKLY HEAT'
MARION B. SULZBERGER, CAPTAIN, MC(S), USNR, H. M. ZIMMERMAN,
COMDR., MC(S), USNR, AND KENDALL EMERSON, JR.,
COgDR., MC(S), USNR
In a previous communication (1), it was reported that areas of skin affected
by ordinary prickly heat (miiaria) show persistent and sometimes extending
zones of reduced or absent sweating. It was stated also that the histologic
picture of prickly heat is closely similar to that described by Allen and O'Brien in
their cases of tropical anidrotic asthenia (2, 3, 4). These findings led us to the
opinion that prickly heat and tropical anidrotic asthenia may represent different
stages of the same underlying process, namely, occlusion of the ducts and orifices
of the sweat-glands. Results of the following studies of a case of tropical
anidrotic asthenia lend further support to this opinion and add information
regarding the two phases of the disease process.
CASE REPORT
The patient, G. N. C., was a 30 year old white male, a seaman in the U. S.
Naval Reserve.
He was in excellent health until after his arrival on Guam, Marianas on
20 June 1945. In mid-July, about one month after landing, he began to have
severe prickly heat. The eruption extended and finally became confluent. At
one time, with the exception of face and neck, practically his entire cutaneous
surface was covered with the inflammatory papules. The itching and pricking
were almost unbearable.
At the time of generalization of the dermatosis, the patient began to notice
a feeling of suffocation upon exertion in a hot environment. If he could not stop
and rest, he soon became faint and fatigued, "jittery" and apprehensive, and of-
ten developed headache and giddiness. His face sweated excessively, while the
skin of his body remained hot and dry. Recovery was prompt when he could
keep quiet in a cool place.
After the prickly heat had lasted about 3 weeks the clinical signs of cutaneous
inflammation slowly diminished, and by the first week in August there remained
but few lesions of typical prickly heat. Notwithstanding this local "improve-
ment" in the dermatosis, the systemic reactions to the slightest exertion in a hot
environment became progressively more pronounced. Finally on 9 August,
1945, he "fainted" while taking a walk in the noonday sun.
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The results of our examination on 15 August were as follows: The patient
was a well nourished man of average build in apparent good health. On physical
examination he evidenced no abnormalities except those of the skin. When
examined after he had been resting for several hours in an air-conditioned ward
the cutaneous surface was almost normal in appearance. Only the very closest
inspection in a strong side-light revealed that practically the entire surface of the
skin was studded with minute, flat-topped, skin-colored or slightly lighter
papules. These were present on all areas of the trunk and extremities, but the
neck and face were spared. On palms and soles no papules could be seen, but
there was diffuse dryness, slight scaling and hyperkeratosis. The pin-head-
sized papules were arranged in regular patterns apparently determined by the
distribution of the sweat-ducts and not by that of the hair-follicles. Except on
the face and neck, the skin surface felt warm, dry, slightly rough, thick and in-
elastic to the touch. The skin of face and neck was of normal appearance and
texture.
Effects of moderate exercise in a hot atmo8phere
At 10:30 A.M. on 16 August the patient engaged in 2 minutes of moderate
exercise in the sun. Within a few minutes a radical transformation in his appear-
ance had taken place. His expression became anxious; his breathing was labored
and rapid. Sweat streamed from his face and neck (Plate I, fig. 1). Perhaps the
most striking changes were those of the skin. Each of the previously scarcely
visible papules was now standing out like the most pronounced "goose flesh"
(Plate I, figs. 2 and 3). However, as before, the papules were not follicular, like
those of cutis anserina, but were set between the hairs. Some of the papules
were superficial and dome-shaped or conical with rather sharp edges; others were
somewhat larger, flat and arranged like cobblestones. There were no visible
papules on the palms and soles, but they could be palpated as points of increased
consistency beneath the dry horny layer. In sharp contrast to the excessive
sweating of face and neck, the remainder of the skin felt dry and hot. There
was only slight moisture in the axillae, in the folds of the groins, between the
toes and on both plantar arches.
A starch-iodine test (1) of the skin of the back at this time showed that
practically no sweat was reaching the surface. On the whole expanse of the back
with its thousands of elevated papules, there were only a few pin-point blue
dots to be seen.
The accompanying table is a record of temperature, respiration and pulse
before and after 2 minutes of exercise.
it is evident that the slight elevation of temperature persisted longer than
in normal persons. These examinations were repeated one or more times daily
on ten successive days, each time with essentially identical results. Recovery
from the effects of the exercise was always rapid. However, when exercise
wa long continued or repeated often at short intervals, slightly tender lymph
nodes could be palpated in groins and axillae.
In the quiescent stage, the fiat papules showed no gross signs of vesiculation.
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TEMP. (ORAL) PULSE RESP. B.P.
10:30 A.M. (before exercise)
F.
97.8 74 22 132/72
Two minutes moderate exercise
10:35 AM
10:40 A.M
10:50A.M
11:00AM
11:11 A.M
11:20 A.M
11:30A.M
99.7 90 37 194/74
99.6 90
99.4 80
99.4 80
99.0 92
98.9 80
98.9 80
When the top of a papule was pricked during this stage it was usually impossible
to demonstrate free fluid. But after exercise, if the top of a grossly elevated
papule was pierced with a pin, a minute droplet of clear fluid usually emerged.
Just as stated by Allen and O'Brien (3), the lesions in the active stage are
papulo-vesicles, but the vesicles come and go and are more deep seated than
those of eczematous dermatitis, herpes, pompholyx, and other well-known
vesicular eruptions. On clinical inspection no vesiculation could be recognized
in even the most elevated papules.
Histologic findings
A biopsy was made of the skin of the lower back after the patient had rested
for 8 hours in an air-conditioned ward. At this time the cutaneous papules were
flat and scarcely visible. After fixation in Bouin's fluid, the piece of skin was
embedded in paraffin and cut serially at 8 microns. Hematoxylin-eosin stain-
ing was employed. In this quiescent skin the changes encountered were in some
respects indistinguishable from those seen in prickly heat (1). Patches or
plaques of hyperkeratosis blocked the orifices of sweat-glands (Plate II, figs.
1, 2 and 4). Occasionally the occluding plug, as shown in figure 4, also had evi-
dences of parakeratosis. The blockage produced distention of the ducts, which
were dilated and straight (Plate II, figs. 2 and 5) as compared to the incon-
spicuous, collapsed, spiral ducts of normal skin. All of the involved ducts were
lined by proliferated epithelial cells and were surrounded by a cellular exudative
reaction which was composed almost entirely of small lymphocytes.
Evidently fluid from the ducts had escaped to the adjacent tissues, for some-
times fluid-containing spaces were seen in the periductal squamous epithelium
(Plate II, fig. 3) and sometimes also in the papillary layer of the corium (Plate
II, fig. 5). An interesting and frequently encountered picture was that of a pool
of fluid, escaped from the interrupted duct, on which "floated" a plug of keratin
or parakeratotic epithelium, as the case may be (Plate II, fig. 4). This plug
was usually held in position by delicate strands of keratin which anchored it to
the adjacent surface of the skin. As a rule, these microscopic masses of cornified
epithelium failed to bulge above the surrounding skin surface, but it could be
.nl
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PLATE II
All photomicrographs are at a magnification of 100 diameters and were prepared from
slides stained with hematoxylin and eosin. (N.B. Figs. ito 5 inclusive, before exercise;
Figs. 6, 7 and 8, 5 minutes after exercise.)
FIG. 1. Keratin plaque blocking the orifice of a sweat-duct. Note the periductal cellular
inflammatory exudate, consisting chiefly of lymphocytes.
FIG. 2. ilyperkeratotic plug in orifice of duct; the latter is straight and distended.
FIG. 3. Fluid space in periductal region of epithelium. The orifice, lying in the surface
depression, is occluded.
FIG. 4. The plug is composed of parakeratotic squamous epithelium and is held in place
by strands of keratin. Note the fluid-filled space beneath the epithelial plug.
FIG. 5. The occluding lid of keratin, the distended and erect sweat-duct, the fluid ac-
cumulations in corium and epidermis, and the periductal cellular exudate are all present in
this picture.
FIG. 6. Note excessive accumulation of fluid in the periductal connective tissue.
Fso. 7. Formation of vesicle in region of sweat-duct. The lymph vessels are dilated and
surrounded by cuffs of lymphocytes.
FIG. 8. Cyst-like collection of fluid beneath epidermis. Its connection with a ruptured
sweat-duct was established by way of a tortuous sinus or tissue space.
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readily seen that with an addition to the underlying pooi of fluid these masses
would protrude.
Another biopsy was taken of a corresponding area of skin on the back, five
minutes after moderate exercise, at a time when the face was streaming sweat
and the tense and erected papules were clearly visible and palpable. This
piece of skin was prepared for microscopic study in a manner similar to that
employed previously. A remarkable transformation had occurred after the brief
period of exercise. The ducts of the sweat-glands were more distended than
before and a considerable increase of periductal fluid was found both in the
epithelium and corium (Plate II, fig. 6). Large vesicles appeared at these sites,
elevating the thin layer of epithelium above them (Plate II, fig. 7). The lymph
channels nearby were distended and surrounded by cuffs of lymphocytes.
Whereas the majority of vesicles that made their appearance in the immediate
vicinity of ruptured ducts of sweat-glands, a goodly number lay in the corium
at considerable distances from such ducts (Plate II, fig. 8); yet in serial prepara-
tions it was always possible to show the relationship of these sub-epithelial
collections of fluid to the duct system. This was usually in the nature of a
somewhat tortuous sinus. The relatively deep, subepithelial position of most of
the fluid collections no doubt accounted for their appearance as papules clinically.
Reaction of the skin to keratolytic measures
Based on the clinical findings and histologic picture it was decided to ascertain
whether vigorous peeling of the affected skin would remove the obstructions from
plugged sweat-ducts and thus permit the flow of sweat to the surface. Sites on
the back were selected, and in each an area of alphabetical design was treated.
On the lower right, an area shaped like the letter M was painted 3 times daily
for several successive days with 20% salicylic acid in alcohol. When this
produced no peeling, redness or irritation, 40% salicylic acid in alcohol and ether
was applied. This, too, produced no irritation and very little if any peeling.
Five (5) times the erythema dose of cold quartz ultraviolet rays was administered
to an area in the shape of the letter K (10 minutes at 20 inches distance from
the skin). When this failed to cause more than a very transitory erythema, a
fifteen minute exposure (seven and one half (7k) erythema doses) was given
to the same area 24 hours later. This elicited slight redness followed in several
days by superficial patchy desquamation. A third attempt to cause vigorous
peeling consisted in painting an S-shaped area on the right upper back with
liquid phenol. This painting produced the usual inflammatory response and
subsequent crusting and oozing.
These results indicate that the patient's skin was extraordinarily resistant
to both physical and chemical measures often employed to produce desquama-
tion.
Eight days after exposure to ultraviolet rays, at a time when the patchy
desquamation was at its acme, a starch-iodine sweat test was performed at and
around the K-shaped area. The result showed that the capacity to put out
sweat had returned to scattered freshly desquamated patches. In contrast, no
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sweating had returned to the M-shaped salicylic-acid-painted areas in which no
visible scaling had occurred. Unfortunately, the patient was withdrawn from
our observation at a time when the S-shaped phenol-painted area still showed
too much oozing to permit a reliable reading of the starch-iodine test.
Physiological and biochemical studies
There seemed to be some similarity between the subjective symptoms of
dizziness and fainting which this patient exhibited on exposure to hot sunlight
and the symptoms of hyperventilation tetany frequently seen in artificial hyper-
thermia. For this reason an experiment was undertaken to observe the effect
of raising the environmental temperature on the acid-base balance of the blood
in the patient with anidrotic asthenia. This was accomplished by exposing
approximately half the surface of his body to the direct rays of an infra-red
lamp for a period of 80 minutes. Blood samples, collected under oil at the
start of the experiment, at the end of the period of heating and 40 and 240
TABLE 1
The effect of increasinq the environmental temperature on pulmonary ventilation and the
acid-base balance of the blood in a case of tropical anidrotic asthenia
SERUM
TIME REMARKS BODY TEMP.
RESPIRA-
CO, content
mm/i.
29.5
pll
7.50
Chloride
m.eq./1.
107.81000 Patient placed under heat
lamp
F.
98.6
per mm.
24
1115 100.0 37 22.3 7.48 110.0
1120 Heat stopped. Patient placed
in air-conditioned ward
1200 23.4 7.48 107.8
1500 29.0 7.50 109.7
minutes after returning to an air-conditioned ward, were analyzed for CO2 con-
tent gasometrically and for chloride concentration by the titrimetric iodate
method; their pH was determined with the glass electrode. As the patient
grew warmer his oral temperature and his respirations gradually increased until
by the end of the period of heating they had reached 100.0° F. and 37 per minute,
respectively (table 1). Sweat was pouring from his face and neck, but the
remainder of his body was completely dry. At this point his plasma CO2 content
had fallen from an initial level of 29.5 mM. per liter (66.1 vol. per cent) to 22.3
mM. per liter (50.0 vol. per cent). There was no rise in serum pH, however,
and a slight increase in serum chloride occurred, indicating that the CO2 loss
was adequately compensated. This was confirmed by failure to elicit a Chvostek
or a Trousseau sign or to demonstrate any other clinical signs of tetany. The
serum CO2 content remained depressed for at least 30 minutes after the patient
had returned to a cool dry environment, but it had risen to its original level 3
hours later. Throughout the experiment, no significant change occurred in the
serum pH, which remained at the upper limit of normal.
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Under the conditions of this experiment, the patient was able to compensate
adequately for his CO2 deficit and no alkalosis could be demonstrated. It was
shown, however, that in a period of 80 minutes he hyperventilated sufficiently
to blow off 25 per cent of his circulating plasma CO2. Presumably this in-
creased ventilation is an accessory physiological mechanism evoked to aid in
the dissipation of heat. Our findings suggest that if this mechanism were
called into play sufficiently rapidly and by a powerful enough stimulus, a tem-
porary uncompensated CO2 deficit with symptoms of alkalosis might well occur.
The daily amount of sweat produced by the patient with anidrotie asthenia
has been compared with that of a normal subject under similar conditions in the
following manner. The daily excess of the volume of ingested fluid over the
volume of urine excreted by our patient and by normal subjects for one week
under conditions of normal activity in a hot, humid, tropical environment and
for a second week under conditions of minimal activity in a cool, dry, aircon-
ditioned hospital ward, was measured. In the absence of any increase in weight
the excess of fluid ingested over that excreted in the urine represents fluid lost
principally in the feces, the expired air and the sweat. Over a period of time,
the loss from the intestinal and respiratory tracts may be considered to be
reasonably constant and largely unaffected by changes in the external environ-
ment. Therefore, if the excess of water ingested over water excreted in the
urine increases or decreases and the body weight remains the same, the volume
of the sweat must increase or decrease by the same amount and can thus be
measured. For example, the normal subject 0. D. (table 2) consumed an
average of 2833 cc. of fluid and excreted an average of 1208 cc. in his urine daily
for a week while in a tropical climate. The difference between these two figures,
or 1625 cc. represents the amount of water lost through extra-renal channels.
When he was placed in an air-conditioned ward and sweating reduced to a mini-
mum, his fluid consumption averaged 3350 cc. and his urine output 2825 cc.
daily. Thus, his extra-renal water loss was reduced to 525 cc. per day. Since
the only variable factor influencing water exchange under these two conditions
was the amount of heat lost by the evaporation of perspiration, the difference
between the extra-renal water loss of 1625 cc. daily in a hot environment and 525
cc. daily in a cool, dry environment, or 1100 cc., must represent the increase in
water lost through the skin in a hot as compared to a cool environment.
Surprisingly enough, under the same conditions the patient with anidrotic
asthenia (0. N. C. table 2) showed approximately the same changes in extra-renal
water loss as the two normal subjects, 0. D. and J. 0. This would suggest that
he was able to produce as great a total volume of sweat as a normal person, al-
though, since it came almost entirely from the region of his head and neck, its
cooling capacity was greatly impaired by the reduced surface for evaporation.
The possibility must be borne in mind that a greater than normal portion
of the increased extra-renal water loss in the patient with anidrotie asthenia
might have transpired through the lungs as a result of hyper-ventilation. This
seems unlikely, however, because when the extra-renal loss of nitrogen and
salt was measured in the same manner as water (table 2), it was found to be of
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the same order of magnitude in all three subjects. Since these substances are
not lost from the body through the expired air, it is probable that hyperventi-
lation plays no greater role in the over-all extra-renal water loss in the patient
with anidrotic asthenia than in the normal; and that the patient does produce as
great a volume of sweat under the conditions observed as does a normal person.
Course
During a period of several weeks of exposure to the naturally obtaining high
heat and humidity, there was no essential change in the patient's condition.
He was then transferred to an air-conditioned ward in which he remained day
TABLE 2
Calculation of the volume and composition of the sweat produced in a hot humid enriroment
in excess of that produced in a cool dry environment
WATER asTR0GEN SALT (AS NaC1)
SUBJECT AND ENVIRONMENTDATE 5 .N S Perspired od Perspired(A—B) V ed (A_B)*
•l
cc/day Jy/ gm/day %t gm/day da %t
G. D. (normal)
8/20—26 Tropical 2833 1208 1625(A) 1100 17.07 9.38 7.67(A) 3.81 0.35 16.39(A) 3.06 0.28
8/27—9/2 Air-condi- 3350 2825 525(B) 1557 11.71 3.86(B) 19.45(B)
tioned
J. G. (normal)
8/20-26 Tropical 3317 1507 1792(A) 1531 16.98 12.60 4.38(A) 1.29 0.08 15.95(A) 6.29 0.41
8/27—9/2 Air-condi- 3482 3221 261(B) 16.11 13.02 3.09(B) 22.24(B)
tioned
G. N. C. (ani-
drotic as-
thenia)
9/16-21 Tropical 3000 1558 1442(A) 1346 17.35 9.50 7.85(A) 2.54 0.19 16.04(A) 5.55 0.41
9/22—29 Air-condi- 3000 2904 96(B) 17.28 11.98 5.31(B) 21.59(B)
tioned
Salt intake assumed constant. Therefore, excretion in sweat equals difference between urinary output in air
conditioned and in tropical environments.
Grams per 100 cc. perspired water.
and night for one week. All other factors such as those of diet, clothing, exercise,
etc. remained essentially as before. At the end of the week, starch-iodine sweat
tests showed that sweating was beginning to be restored in some skin areas.
Alter exercise there were scattered isolated and grouped droplets of sweat to be
seen. The axillae, groins and interdigital spaces showed significantly more
moisture than previously.
DISCUSSION
The results of our studies on a case of tropical anidrotic asthenia seen on
Guam support the findings and conclusions reported from New Guinea and North
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Australia by Allen and O'Brien (3). We agree with the opinion of these authors
that the plugging of sweat-ducts and their orifices probably plays a fundamental
part in the disease process. Moreover, as it has been shown previously that
plugging of sweat-pores and inhibited sweating are regularly present in ordinary
prickly heat (1), it appears warranted to regard anidrotic asthenia and prickly
heat as being fundamentally akin. Under these circumstances, it would be
astonishing if examples of anidrotic asthenia would not be discovered wherever
environment and circumstances produce severe and extensive prickly heat.
Perhaps, some previous cases of inexplicable pathologic fatigability associated
with transitcry elevations of temperature following exercise, may be explained
on this basis. In the temperate zones, most of these cases could be expected to
occur during and after protracted hot, humid spells, especially in infants and
young children, as well as in adults whose work and habits are particularly likely
to lead to prickly heat.
None of the foregoing is intended to convey the idea that each and every
plugged pore in tropical anidrotic asthenia must necessarily have been the site
of a previous papule of prickly heat. On the contrary, in our patient it appeared
quite certain that many of the plugged ducts and orifices had never been the sites
of typical lesions of prickly heat. It seems that plugging and occlusion can oc-
cur either with or without accompanying grossly visible inflammation and with or
without disagreeable cutaneous sensations.
Unfortunately, our studies do not satisfactorily explain the absence or dis-
appearance of local clinical signs and symptoms in the face of persistent occlu-
sion and microscopic inflammatory reaction. One of the many possible explana-
tions is that so long as the walls of the occluded ducts remain intact and relatively
impermeable to sweat, the secretion of sweat produces distension of the ducts
which in some manner causes the pricking and itching.2 Once the ducts have
ruptured or become so permeable that the sweat exudes into the surrounding
tissue spaces almost as rapidly as formed, the local tension and pressure are
relieved and the disagreeable sensations abate. If this explanation shouldprove
correct, the relief from tenderness and the abatement of clinical inflammation
would be due to a process analogous to that which takes place when a cutaneous
abscess ruptures and free drainage is established.
The grossly visible erection of the cutaneous papules, the histologic changes,
and the evanescent tenderness and enlargement of lymph nodes following
stimulation of secretion of sweat, all fit in well with the following explanation of
Allen and O'Brien: The secreted sweat, unable to go out through the occluded
duct and plugged pore, forces its way through the walls of the ducts into the
surrounding lymph and tissue spaces. This is the process Allen and O'Brien
have called "internal sweating." On the other hand our findings bring no
support to the idea that the effects of the "internal sweating" need be called
upon to account for some of the systemic manifestations. Our biochemical
2The secretory pressure of sweat-glands is over 250 mm. of mercury. Best and Taylor,
The Physiological Basis of Medical Practice, page 1055, 3rd edition, Williams & Wilkins
Co., Baltimore, 1943.
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studies suggest that our patient's attacks of weakness, "jitteriness," giddiness,
headaches, fainting, etc. may be due to the fact that, deprived of surface sweat-
ing and evaporation, he is forced to call upon his respirations to dissipate heat.
The ensuing accelerated respirations in turn lead to hyperventilation and to some
of the signs seen in the so-called "hyperventilation syndrome". In this connec-
tion, it may be mentioned that our patient's attacks and behavior were strikingly
similar to those we have observed in patients with congenital ectodermal defects of
anidrotic tjpe: in these patients the congenital absence of sweat glands precludes
the explanation that their symptoms are in any degree due to reabsorption of
secreted sweat.
As suggested in a previous report (1), a fault in the process of keratinization
may be of significance in initiating the formation of the parakeratotic and
hyperkeratotic lids and plugs. Our patient's great resistance to keratolytic
measures and the keratosis that he presents on palms and soles are evidence for
abnormalities in his process of keratinization. It is pertinent also that "peeling"
of the skin tended to render the pores patent and to restore the capacity to ex-
crete sweat. This, to our mind, is in favor of the idea that superficial obstruc-
tion of sweat-ducts by horny plugs plays an important role in the causation of
anidrotic asthenia.
SUMMARY AND CONCLUSIONS
1. A typical case of tropical anidrotic asthenia on Guam is described.
2. Clinical and histologic investigations lead to the inference that ordinary
prickly heat and tropical anidrotic asthenia are different manifestations of the
same fundamental process.
3. In this process the horny occlusion of sweat-ducts and their orifices appears
to play a significant role.
4. The hypothesis is advanced that distensions and changes of pressure due
to secretion of sweat into the plugged ducts contribute to the sensory disturbances
in prickly heat and that these symptoms vanish in tropical anidrosis following
the relief of tension through rupture, or other kinds of damage, of the ducts and
free drainage of sweat into the surrounding tissues.
5. The systemic manifestations in anidrotic asthenia are referable to defects
in the cooling mechanism. On the basis of biochemical studies the thesis is
submitted that the principal systemic manifestations may be due to hyperventila-
tion.
6. Deliberate peeling of the skin with ultra-violet light was followed by the
return of normal sweating on some portions of the desquamated areas.
7. A stay of one week in a cool dry atmosphere was followed by a gradual re-
turn of normal sweating in small scattered areas of skin on the trunk and in the
axillae, groins and interdigital spaces.3
8. It is considered likely that some cases of anidrotic asthenia must occur
wherever existing conditions can lead to severe and extensive prickly heat.
'Information received from the patient after his return to the United States indicates
that he made a complete recovery after about two months in a temperate climate.
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Therefore, even in temperate climes, certain cases of easy fatigability and
unexplained fever following exercise may be examples of anidrotic asthenia.
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